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ABSTRACT
Purpose. Law enforcement officer-involved shootings are uncommon events in the context of
encounters with the public, but extreme situations which have the potential to pose immense
harm to individuals and communities. Previous research demonstrates that a large proportion of
such incidents result in injury or death, most commonly to civilians, but in some cases to officers
as well. However, there has been little study of what factors are associated with injury during
such incidents, and whether these factors might differ for civilians compared to officers. This
study examined the factors associated with both civilian and officer injury and/or fatality during
officer-involved shooting incidents, to better understand how harm might be reduced in the most
extreme law enforcement scenarios.
Methods. Secondary analysis was conducted on a sample of 281 officers involved in 177 unique
shooting incidents recorded by Dallas Police Department between 2005-2015. Bivariate logistic
regression and multivariable generalized estimation equation (GEE) models were used to

examine the unadjusted and adjusted association of multiple officer, civilian, and situational
characteristics with both civilian injury or fatality, and officer injury or fatality.
Results. Civilian injury or fatality occurred in 61.02% of unique incidents, and officer injury in
13.56% of unique incidents. A majority (79.19%) of OIS incidents involved black or
Hispanic/Latino/a civilians, but odds of injury were lower for black (AOR= .21, 95% CI .06-.72,
p=.013) and Hispanic/Latina/o (AOR=.22, 95% CI .07-.72, p=.012) civilians compared to white
when controlling for officer race, officer job assignment, presence of a weapon, and time of day.
Civilians also had higher odds of injury during the daytime, though a majority of incidents
occurred at night. Officer injury was significantly associated with job role, with patrol officers
having lower adjusted odds of injury compared to administrative officers during the course of an
OIS incident (AOR=.19, 95% CI .04-.89, p=.036).
Conclusions and Public Health Relevance. Results may help inform future law enforcement
training by identifying characteristics in high-intensity situations that most strongly predict
bodily harm to a community member and/or officer. Future studies should seek to further
elucidate the factors that influence injury during the course of a shooting and assess whether the
findings in this study are replicated in other jurisdictions.
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BACKGROUND
Literature Review
Introduction
In the continuum of encounters that law enforcement officers may have with local
residents, officer-involved shootings (OIS) represent the most extreme. In a national survey
of law enforcement agencies querying use of force policies across the United States (U.S.),
Smith et al. (2010) found that firearms were ranked as the highest level of force an officer
could possibly use, with 100% of responding agencies requiring higher-level review of any
intentional discharge of a firearm at another person.1 These policies do not occur in a
vacuum. The past four decades have been characterized by waves of public scrutiny of OIS,
precipitated by high-profile incidents and racial disparities in the use of force.2,3 More
recently, the lack of reliable national reporting data for fatal shootings has also taken center
stage after independent media outlets and crowdsourced data collection websites have
identified significant gaps in existing national data.3-7 Since that time, multiple peer-reviewed
articles have examined the validity of data collected by media outlets and crowdsourced
sites,8,9 and quantify the degree of under-reporting for official datasets such as the Centers for
Disease Control and Prevention’s National Vital Statistics System, the Federal Bureau of
Investigation’s Uniformed Crime Reporting (UCR) Supplemental Homicide Reports, and
Bureau of Justice Statistics’ Arrest-Related Deaths program,4,10,11 with one study estimating
that federal sources missed as many as half of shooting cases in some years, likely due to
underreporting and varying case definitions.10
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As a result of these challenges, estimates of the prevalence of OIS vary widely, with
2016 counts ranging from 549 “justifiable homicides” reported in the UCR12 to 1,129 “police
killings” from the crowdsourced project Mapping Police Violence.13 Yet as notoriously
difficult as it is to quantify fatal OIS incidents, data on nonfatal shootings—including
injuries, missed shots, and unintentional shootings—are even more difficult to accurately
quantify, as there are no national databases or consistent reporting requirements regarding
nonfatal shootings.7,10 One of the few available count estimates comes from Miller and
colleagues (2016), who cross-referenced multiple data sources to estimate that in 2012, 2,670
individuals reported to the emergency room, were admitted to a hospital, or killed as a result
of injuries incurred during law enforcement encounters. However, the article notes that these
data are flawed due to inconsistent reporting by emergency departments and unavailability of
ICD-10 codes that specify the presence of legal interventions as a cause of the traumatic
injury incurred.14
Use of Force & Injury
U.S.15 and international16 standards hold that firearms should be used as a last resort
under immediate and serious threat of injury or death, though policies may be inconsistent
across states and jurisdictions.17 Such standards are essential given research showing that, of
all forms of force an officer may use, firearms are the most fatal.14,18,19 Indeed, in a recent
study of documented death or hospital-treated injuries that were attributed to law
enforcement encounters, firearms accounted for 22.7% of all law enforcement-related
hospital admissions and 95% of fatalities.14 The only other form of force associated with
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fatalities were TASERs, and a single death from a blunt object. The fatality rate for all
firearm cases in the same study was 38% compared to 2.8% for tasers.14
Injury During OIS Incidents
Although detailed injury data resulting from OIS incidents is extremely limited,
existing evidence—primarily case studies and annual reports from large municipal law
enforcement agencies—suggest that a majority of injuries and deaths incurred during such
events are to civilians rather than officers.20-23 Yet law enforcement officers are also at risk
for injury in such incidents, which are often highly stressful, volatile, and/or confusing,
requiring officers to make life-or-death decisions in seconds with limited information about
the context of the on-going incident. Potential hazards include not only resistance or force
from the person they are confronting, but also friendly fire, physical or environmental
hazards (e.g. vehicles, chemical hazards21), and even psychological factors such as an officer
making mistakes due to anxiety.21,24
Though OIS incidents are often studied and explained in the context of resistance by
the person officers are confronting, data on this point are complex and somewhat conflicting.
For example, in a detailed analysis of OIS incidents in Philadelphia from 1987 through 1994,
White (2006) found that the although a majority of incidents reported “defending self or
others” as the primary reason for shooting (73.4% of non-injurious, 88.3% of injurious, and
97.4% of fatal incidents), suspects were reported as fighting or attacking in only 43.2% of
non-injurious shootings, 47.9% of injurious shootings, and 76.3% of injurious shootings.25
The complex ways that OIS incidents may be hazardous to officers—including but not
limited to resistance—is illustrated anecdotally by data from the New York Police
3

Department’s 2016 annual use of force report. The report notes that of 13 officers injured
during “intentional discharge- adversarial conflict” incidents, 4 were struck by bullets from a
civilian, 4 by bullets from another officer, 3 from lacerations, 1 abrasion/contusions, and 1
chemical injury. The report did “not account for injuries and/or symptoms related to tinnitus,
which often results from discharge incidents.”21 These findings are included to
demonstrate that while civilians and officers both face risk of injury or death during
OIS incidents, it is possible that both the level and nature of risk may be very different
for the two groups, but that more comprehensive studies are needed to investigate this topic.
Previous Literature on OIS
To date, research on OIS has focused primarily on the factors associated with OIS
involvement, rather than outcomes of such incidents. As a result, a substantial body of
research has identified officer, victim, and situational characteristics associated with the
occurrence of OIS. These findings indicate, for example, that officers with less experience
and lower rank and education are more likely to be involved in use of force incidents and/or
OIS;26-32 that people who are young, Black, and/or male are most at risk of being subjected to
force or shot;31,33,34 and that incidents are generally more likely to occur in areas with higher
violent crime.2
However, existing research falls short in a number of areas. First, previous studies
have focused primarily on fatal incidents, with far less research on nonfatal encounters, due
in part to the data limitations noted above.7 Of the small number of studies that have
examined injury patterns in OIS incidents, most are decades old, and descriptive rather than
analytic studies.
4

Descriptive Epidemiology of Officer-Involved Shootings
In the first of a two-volume report on OIS in Chicago between 1974-1978, Geller and
Karales (1981) found of 509 incidents with valid civilian injury data; 379 (74%) resulted in
injury and 130 (26%) in death. Cross-tabulations of reasons for shooting with OIS injury
outcome indicated that 32% of fatalities occurred when there was a gun use or threat, 31%
when there was use or threat of another deadly weapon or physical force, and 33% for
another reason. Ten percent of all shots were accidental.35 Based on 107 shootings from “a
large Sheriff’s Department in west central Florida” from 1985-1995, Fitzgerald (1998) found
that 49 (46%) shootings were intentional at a person while 31% were accidental and 23% at
animals. Of the 49 shots at people, 19 (44.2%) were misses and 24 (55.8%) struck a person,
including 9 fatalities (18% of shots at a person, or 37.5% of hits).36 Similar descriptive results
have been reported by Donahue (1991) regarding intentional firearm discharges in Detroit
between September 1976 and August 1981. Of 930 such discharges, 682 (73%) did not hit a
person, while 166 (18%) resulted in injury and 82 (9%) in death. Descriptive results indicated
that missed shot and injury cases generally had similar characteristics, while a higher
proportion of fatal cases reported that the civilian had a weapon, assaulted an officer, and had
prior charges, convictions, and/or prison sentences.37 A more recent study by Strote and
colleagues (2010) observed that although use of firearms was extremely rare, it was the only
type of force in the study sample that caused fatal injuries.38 Finally, Miller and colleagues’
2016 ecologic study, referenced above, described hospital admission and fatality rates for
hospital-treated cases of firearm and other injuries following law enforcement encounters.14
Notably, some studies have focused and/or reported in the context of “hits” and “misses”
5

rather than injury per se.25 Yet while other forms of force may theoretically be applied with
no physical injury, a “hit” with a bullet is virtually synonymous with at least minor injury,
and has high potential for much more serious harm or death.14
Analytic Epidemiology of Officer-Involved Shootings
Only two studies were located that analytically assessed factors related to OIS
outcomes. White (2006) found that five factors predicted fatality versus a missed shot or
injury in multivariate regression models: (1) the officer and civilian were less than 10 feet
apart, (2) the incident occurred in the afternoon, (3) the reason for shooting was to defend
life, (4) the civilian was perceived as attacking, fighting, or resisting an officer, and (5) the
shooting occurred in “an alley or rear yard.”25 The study also examined predictors of missed
shots, finding that misses were statistically significantly associated with: (1) the officer and
civilian struggling, (2) shot fired from a distance of greater than 20 feet, (3) non-burglary
calls, (4) officer not calling for backup, (5) use of deadly force by only one officer, and (6)
subsequent determination that the discharge had violated department policy. Smith et al.
(2010) examined the use of force in multiple law enforcement agencies, one of which
included firearm use data. While results of actually discharging a firearm were not included
due to the small number of cases, pointing a gun (but not shooting) was observed to have a
protective but non-statistically significant association with officer injury, and a significant
protective effect on civilian injury [odds ratio=0.181, p=.001 (NB: confidence interval not
reported with the measure of association)]; a finding that officers attributed to the gun ending
resistance in most situations.1 However, no studies were identified that assessed risk
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factors for injury and fatality during OIS incidents, or factors associated with outcomes
for both civilians and officers.
The present study seeks to fill an important research gap by evaluating the factors
associated with both civilian and law enforcement officer injuries and fatalities during
officer-involved shooting incidents. Using a dataset of 281 OIS incidents reported to Dallas
Police Department between 2005-2015.32 Findings have several important potential
implications for public health, described below.
Public Health Significance
Officer-involved shootings are uncommon in law enforcement encounters with the
public, but can exact immense physical, mental, social, and economic costs on the
individuals and communities involved. For a person injured or killed—whether civilian or
officer—there is the immediate physical trauma or loss, as well as what may be a brutal and
costly recovery process. One study of patient outcomes for 7,573 general gunshot cases
treated in hospitals (not necessarily law enforcement related) estimated that average length of
hospital stay was 6 days, with a high of 323 days.39 More than 60% of injured individuals
underwent two or more surgical procedures, and a significant proportion were discharged to
short term hospitalization (3.7%), a skilled nursing facility (0.8%), intermediate care facility
(0.3%), other facility (6.8%), or home health care (4.8%).39 Long-term functional outcomes
varied by the site of the wound but included physical and mental disabilities.40 These impact
of gunshot wounds on the human body was more vividly illustrated by a 2017 profile of
Temple University Hospital’s trauma unit, which treated a large number of firearm injury
cases in Philadelphia, PA:
7

“The main thing people get wrong when they imagine being shot is that they
think the bullet itself is the problem. The lump of metal lodged in the body. […]
This is not trauma surgery. Trauma surgery is about fixing the damage the
bullet causes as it rips through muscle and vessel and organ and bone….
The price of survival is often lasting disability. Some patients, often young guys,
wind up carrying around colostomy bags for the rest of their lives […] ‘They’re
so angry,” Goldberg said. “They should be angry.’ Some are paralyzed by
bullets that sever the spinal column. Some lose limbs entirely. During trauma
surgery, when the blood flow is redirected to the brain and heart by an aortic
clamp, blood goes away from other areas, and tissue in the lower extremities
can die, causing gangrene, in which case surgeons must amputate the leg at
higher and higher points.”
Long hospital stays, the necessity of multiple and/or complex procedures to prevent
death or long-term disability, as well as subsequent rehabilitative costs, mean that gunshot
wounds also place an enormous economic burden on the healthcare system. Multiple studies
have attempted to identify the costs of such injuries and who the responsible party was for
payment (e.g., private insurance, Medicaid, self-pay). Kellermann (1996) found that mean
costs per injury ranged from $17,926 for unintentional firearm injuries to $37,769 for legal
intervention injuries, the costliest category.41 Cook (1999) similarly estimated that the
average cost per injury was $17,000.42 A more recent analysis by Spitzer and colleagues
(2017) of patients admitted for firearm-related injuries from 2006-2014 estimated average
costs per hospital admission to range from $19,642 for self-pay patients to $30,952 for
8

Medicaid patients, with total inflation-adjusted “cost of initial hospitalizations” averaging
$734.6 million per year.43 All three studies further noted that these costs fall heavily on
taxpayers: in the Kellerman study, just over 50% of patients came from zip codes with
median income less than $25,000, and only 25.4% had private insurance or HMO at the
time.41 Cook (1999) estimated that nearly half of costs were paid for by public insurance,42
while Spitzer and colleagues (2017) placed this proportion at approximately one third.43
While these results are not specific to victims of OIS, decades of research find that
both OIS and violent crime are heavily concentrated in economically disadvantaged
communities,2 suggesting that in addition to the costs of legal intervention shootings being
among the highest for firearm injuries,41 these costs are often paid for using public resources.
In many cases, municipalities may also face the costs of legal procedures or settlements to
civilian victims and their families,44 or of absenteeism and workers compensation for injured
officers.45 Though not addressed in this study, it is also critical to note that regardless of
physical injury status, both officers and community members involved in OIS incidents are
also vulnerable to subsequent mental trauma and long-term effects, including PTSD.46-48
Finally, there are also more diffuse costs to health and safety efforts, as a single OIS
incident or high-profile use of force can have immense implications for the degree to which
residents—particularly those in communities that experience higher levels of crime and
policing—feel safe calling law enforcement or willing to participate in public safety efforts.
In addition to the more abstract damage to perceived law enforcement legitimacy,49 this can
translate to measurable impacts. For example, one study from 2016 showed that, controlling
for crime and previous call patterns, the occurrence of a high-profile use of force case was
9

associated with a reduction of over 20,000 fewer calls for service, with the effect persisting
for over a year.50
This analysis has the potential to further the understanding of and identify
opportunities to reduce potential for injury in high-intensity law enforcement situations. To
date, a majority of research has focused on factors leading up to a shooting incident,
assessing when, where and to whom OIS incidents are most likely to occur in the first place.
However, a critical and understudied piece of this puzzle is understanding what factors
during an incident influence if and to whom injury occurs. The present study will contribute
important epidemiological knowledge and generate hypotheses for future studies regarding
officer-involved shootings, and may additionally have important implications for law
enforcement de-escalation or use of force trainings, by identifying factors in critical incident
situations that are most strongly associated with injury and opportunities to minimize
potential for harm.
Conclusion
This study will investigate risk factors for injury and fatality of officers and civilians
who were involved in an officer-involved shooting. By doing so, this study seeks to identify
the factors in an already-escalated situation that determine whether and who becomes
injured. These questions have immense public health implications to the extent that citizen
safety from violence, healthcare costs, and confidence in the legal authorities tasked with
preventing violence, are issues of public health concern. Additionally, this study may have
important findings for the occupational safety of law enforcement officers, particularly in
high stress situations.
10

Research Purpose and Objectives
The purpose of this study is to explore characteristics of law enforcement officer-involved
shooting (OIS) incidents to identify factors associated with (a) civilian injury and (b) officer
injury in such incidents. Using a sample of OIS incidents reported to Dallas Police
Department between 2005-2015, the thesis will be structured around the following research
objectives:
1. To examine the relationship between situational, officer, and civilian characteristics
and odds of civilian injury or death during officer-involved shooting incidents
documented by the Dallas Police Department between 2005-2015; and,
2. To examine the relationship between situational, officer, and civilian characteristics
and odds of officer injury or death during officer-involved shooting incidents
documented by the Dallas Police Department between 2005-2015.
For each of the 26 predictor-outcome pairs, the following hypotheses will be tested:
H0: There is no association between predictor variable X (e.g., officer age) and outcome Y
(e.g., civilian injury or fatality).
HA1: There is a statistically significant association at p<0.05 between predictor variable X
(e.g., officer age) and outcome Y (e.g., civilian injury or fatality) in unadjusted logistic
regression models.
HA2: There is a statistically significant association at p<0.05 between predictor variable X
(e.g., officer age) and outcome Y (e.g., civilian injury or fatality), controlling for covariates
that reached a significance level of p<0.25 in bivariate models.
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METHODS
Study Design
This study was a secondary analysis of a dataset previously collected by Dr. Jennifer
Gonzalez, Dr. Stephen Bishopp, and colleagues.32 These data were originally collected as
part of a case-control study examining the association between military history and OIS
involvement and contain information on 281 shooting officers involved in OIS incidents.
These 281 shooting cases were originally frequency-matched on sex at the individual level to
281 controls; however, the current study sample will be limited to the subset of 281 shooting
cases. Secondary analyses, described in greater detail below, will be used to assess
characteristics of each incident associated with (a) civilian and (b) officer injury or death.
Study Setting and Sample
Officer-level data were obtained for shooting officers on all OIS events documented
by the Dallas Police Department (DPD) in Dallas, Texas between January 1, 2005 and
December 31, 2015, for a final sample of 281 incidents. Since 2015, DPD has routinely
collected data on any incident where a Dallas police officer, on-duty or off-duty, fired their
weapon. These firearm discharge data include shootings involving a person, excluding
firearm discharges on a firing range or during training. Therefore, for purposes of this
study, an OIS incident refers to any incident in which a Dallas police officer discharged
their weapon, on or off duty, in the presence of one or more civilians.
To compile the dataset, researchers from the University of Texas School of Public
Health32 and the Dallas Police Department abstracted and systematically coded DPD records
for each incident to obtain information about situational characteristics and any civilians
12

involved. Additionally, personnel records were used to obtain officer-level characteristics,
including military discharge records (DD Form 214) for those officers with prior military
experience. Finally, internal affairs records were abstracted to obtain information on any
prior allegations of misconduct filed or sustained on an officer.
Measures
Several independent variables were investigated as possible factors associated with
civilian and officer injury and/or fatality. When necessary, variables in the original dataset
were recoded to facilitate secondary analysis. The final measures for both dependent and
independent variables are described below.
Injury and/or Fatality Outcomes. The primary outcomes examined in this analysis
were two dichotomous variables: (1) occurrence of any civilian injury and/or fatality, and (2)
occurrence of any officer injury and/or fatality, with 1 signifying occurrence of the specified
outcome and 0 signifying that the outcome did not occur. For all outcomes, the prefix “any”
is used since it is possible that more than one officer or civilian may have been injured in a
given incident. For descriptive results only, the specific prevalence of non-fatal injury and
fatalities were also calculated; however, due to modest sample size these outcomes were not
used in multivariable analysis.
Officer injury outcomes were recorded in the original dataset as a text field labeled
“subclassification”, which included information on officer, civilian, and bystander injury, as
well as shots fired at vehicles and other targets. Injury outcomes for civilians were derived
from two variables in the original study dataset: “subclassification” (described above), and a
second variable, “subjectinjury,” which provided reliable data on injuries to the primary
13

person being confronted by police (“subject”) but did not include injuries to bystanders. In
order to produce a valid determination about civilian injury outcomes, both variables were
cross-tabulated. For any cases with divergent injury reports across the two variables, publicly
available incident reports were reviewed to make a final determination. Finally, four civilian
injury cases were excluded after review because additional review of publicly available
incident reports indicated that the officer did not in fact fire their weapon, or because injury
occurred while officers were not present or nearby.
Finally, it important to note that “injury” refers to any injury to occur during the
course of an entire OIS incident; neither the immediate cause of injury (e.g., gunshot wound
vs wound from a vehicle, physical struggle, fall, etc.) nor precise sequence of events (before
or after the firearm discharge) can be fully ascertained. Subjective assessment from
researchers involved in coding the original data suggests that while civilian injuries were
primarily the result of gunshot wounds, officer injuries included a more diverse array of
immediate causes, such as injury by a vehicle or physical engagement/use of bodily force.
Nevertheless, these qualitative observations cannot be confirmed since the dataset does not
contain detailed information on the nature, severity, or precise timing of injury. This remains
a limitation of this study and important consideration when interpreting results.
Officer Characteristics. The following officer characteristics were included in
analysis: job assignment, tenure in DPD, age, race/ethnicity, sex, college education, military
service and deployment history, total number of allegations filed with internal affairs, and
number of allegations sustained. Job assignment was coded in three categories:
administrative/other (0), patrol (1), and special operations, warrant-serving, or tactical unit
14

(2). Officer tenure at DPD and age were both originally reported in years; however, due to
substantial right skew for both variables, they were recoded as dichotomous categorical
variables cut at the median (age: 0 = ≤38 years, 1= >38 years; tenure: 0 = ≤10 years, 1 = >10
years), similar to the approach employed by Gonzalez et al. (2018).32
Officer race/ethnicity was initially coded as White, Hispanic, Black, Asian, or Native
American/American Indian; however, due to small sample size (n<10) of some groups, this
variable was coded for analysis as 0=White, 1=Hispanic/Latina/o, 2=Black, and 3=Asian,
Native American/American Indian, or Other. Sex was originally coded as “Male” and
“Female” and was assigned numeric categories for analysis (0=female, 1=male). College
education was recoded from number of college hours to a dichotomized measure of any
college education (0=No college, 1=Any college). Military service history and deployment
information obtained from DD Form 214s were originally provided as branch (officers with
no military history were coded as “no” in this field while those with military services were
coded with the appropriate service branch, e.g. “U.S. Air Force”) and deployment status
(coded as “yes” or “no” for officers with prior military service, and missing for those
without). Both were recoded as dichotomous numeric variables for analysis: 0=no military
service and 1=prior military service; and 0=no deployment exposure (including non-military
as well as those with military service who were never deployed) and 1=any deployment
exposure. Finally, total allegations and sustained allegations with internal affairs by officer
were both recoded as categorical variables due to substantial right skew (0 allegations=2, 1 to
median number of allegations=1, more than median number=2).
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Civilian (“Subject”) Characteristics. DPD incident files include data on
race/ethnicity and sex for the primary person to whom police were responding in each
incident (“subject”); both variables will be included in analysis. For race/ethnicity, original
categories included “White”, “Hispanic,” “Black”, “Asian”, and “other”; for the current
analyses, race/ethnicity was recoded in the same manner as officer race/ethnicity, where
0=White, 1=Hispanic, 2=Black, 3=Asian or Other. Sex (“Male” or “Female” in the original
dataset) was similarly assigned numeric categorical values.
Situational Characteristics. Finally, the following situational characteristics were
reported for each incident and included in analysis: whether the shooting occurred on or off
duty (0=on duty, 1=off duty), whether a weapon was present (coded as 0=no weapon/
unarmed, 1=firearm, 2=other weapon), and time of day (coded as 0=12-5:59am or
midnight/early morning, 1=6-11:59am or morning, 2=12-5:59pm or afternoon, and 3=611:59pm or evening).
Data Analysis
All analyses were conducted in Stata/IC 15.1. Initial examination of the data revealed
the presence of some non-independence due to clustering (a) of multiple officers within a
single incident, and (b) of a single officer being involved in multiple incidents over the 10year time period. Therefore, descriptive results were generated at both the officer level (full
281 cases), and at the incident level (177 unique incidents). Note that although there were a
small number of officers involved in two incidents during the 10-year time period, all 281
cases were retained in the officer-level descriptive table, since officers may have had changes
in characteristics (e.g. age, tenure, job role) across the two incidents. Since all variables were
16

categorical, proportions are presented in Table 1, including the prevalence of each outcome
measure.
To assess factors associated with injury outcomes, unadjusted logistic regression
models were first employed for all 281 cases to examine the bivariate association between
each independent variable and each outcome. Results are presented separately for civilian
(Table 2) and officer (Table 3) injury or fatality, with unadjusted odds ratios, 95% confidence
intervals, and p-values reported for each association.
Results of these unadjusted logistic regression analyses were then used to construct
separate multivariable logistic regression models for each outcome, with variables eligible
for inclusion if the variable’s unadjusted p-value met the prespecified significance threshold
of p<0.25.51,52 Preliminary fixed-effects logistic regression models, ignoring clustering of the
data, were constructed by including all variables that met the minimum significance
threshold, except in cases of high collinearity. In cases where two highly correlated variables
both met inclusion criteria (including age and tenure with Spearman correlation
coefficient=0.79, and total and sustained allegations with Spearman correlation
coefficient=0.67), the variable with a lower bivariate p-value was included while the other
was dropped. Variance inflation factors were less than 2 for all remaining variables with
respect to civilian injury, and less than 4 with respect to officer injury, indicating that multicollinearity was not a major issue.53
To account for clustering, a mixed-effects model was initially attempted with random
effect terms for clustering of multiple officers within a single incident (operationalized using
a unique incident case identification number) and for repeat incidents for a single officer
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(operationalized using officer badge number). However, due to the small sample size there
were repeated model convergence issues with this approach. To assess the degree to which
clustering was associated with the outcome, each random effect term was independently
tested with respect to each outcome variable; these preliminary analyses indicated that
incident-level clustering (multiple officers within a single incident) was significantly related
to the outcomes, but officer-level clustering (multiple incidents for one officer) was not.
Based on this finding, generalized estimating equation (GEE) models were fit for each
outcome, using an exchangeable correlation structure based on incident-level clustering.
While GEE models do not allow prediction as regression models do, this was deemed to be a
reasonable alternative analytic approach since the goals of this study are primarily
descriptive.54 Results of the GEE analysis are presented separately for each outcome in
Tables 4 and 5, with adjusted odds ratios, 95% confidence intervals, and p-values reported
for each included variable.
After fitting an initial GEE model for each outcome (see Appendix A for the full
initial GEE models), variables were dropped one at a time using backward selection if their
p-value when controlling for covariates exceeded the same threshold of 0.25. Additionally,
although civilian sex met inclusion criteria for civilian injury, this variable was not included
in multivariable analysis due to the extremely small number of women, resulting in
extremely wide confidence intervals and unstable results. Note that while oftentimes
researchers use a smaller p-value threshold for retaining variables (e.g., .10, .15),51 due to the
exploratory nature of this study, a more generous p-value was used to explore risk factors
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that appear to trend towards significance given increased power, while reducing variables
with the least contribution to the model to reduce instability.55
Missing Data Procedures
To address potential problems due to missing data, all variables included in analysis
were first examined for missingness, with the a priori criteria that if less than 5% (14) of
observations contained missing data,56 then complete case analysis would be used. This
initial examination revealed that missing data was not a major problem, with a maximum of
four missing cases for any one variable. Therefore, all analyses used complete case analysis
and excluded any cases with missing data.
Post-Hoc Power Analysis
Data for this study were previously collected and it was therefore not feasible to
conduct a power analysis a priori to identify appropriate sample size. However, post hoc
power analysis was used to obtain an assessment of the power of this study to detect the
observed effect sizes in unadjusted logistic regression models, and to suggest the sample size
that may be necessary for future research. Power analysis was conducted using the G*Power
3 (2007)57 software program. Power estimations were based on an alpha level of .05; sample
size of 281 (assuming no clustering); and underlying probabilities of each outcome under the
null hypothesis (equivalent to the probability of each outcome for the referent group), for (a)
the smallest observed effect sizes that reached statistical significance, and (b) the smallest
observed effect size overall in unadjusted logistic regression models for each outcome.
Results of this power analysis are presented on pages 32-33
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Human Subjects Considerations
Approval for data collection and the original case-control study was obtained from
the Committee for the Protection of Human Subjects (CPHS) at the University of Texas
Health Sciences Center in Houston on December 21, 2015 and the author of the present study
(Ellen Paddock) was approved as an additional member of the original research team on
February 12, 2018. A new IRB protocol was also submitted for the present study, and was
approved as exempt by CPHS on August 14, 2018.
RESULTS
Descriptive Results
Descriptive results are presented in Table 1. To compute incident-level descriptive
statistics for individual officers, one officer was randomly selected for each incident
involving multiple officers. Among the 281 shooting officers, there were 177 unique
shooting incidents involving anywhere from one (123 incidents) to 13 (1 incident) shooting
officers. Twenty-three (23) officers were involved in two OIS incidents over the 10-year time
period; no officer was involved in more than two incidents.
Prevalence of Injury
Civilian injury occurred in a majority of unique OIS incidents, with 61.02% of
incidents resulting in any injury or fatality, including more than a third (35.03%) resulting in
fatality. Officer injury or fatality occurred in 13.56% of unique incidents, including fatality in
5 (2.82%).
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Officer, Civilian, and Situational Characteristics
A large majority of officers who discharged their firearm during a shooting incident
were male (96.09%), college-educated (82.21%), and in a patrol role at the time of the
shooting (83.99%). A majority of officers were white (56.23%), while 22.42% were
Hispanic/Latino/ai and 17.08% were black. Within the “other” category, 8 officers were
Asian and 4 were Native American or American Indian. The median age of officers at the
time of the incident was 38 years, and the median tenure at Dallas Police Department was 10
years. Nearly 30% of all officers had previously served in the military; of these,
approximately half were deployed at some point during their service. More than three
quarters of shooting officers had at least one allegation filed with Internal Affairs during their
time at DPD (range: 0-41 allegations), and 40.93% had one or more allegations sustained
(range: 0-20 allegations). The median number of allegations filed was 4 and allegations
sustained was 0.
Table 1: Descriptive Characteristics of Officer-Involved Shooting Incidents Recorded
by Dallas Police Department, 2005-2015 (n=281)
Frequency (n)
Proportion (%)
Sample Characteristics (n=281)
Officer Characteristics
Sex, %
Male
Female
Age in Years, %
≤38 (median age)
>38
Race or Ethnicity, %
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Any College Education, %
Yes

i

270
11

96.09%
3.91%

149
131

53.21%
46.79%

158
63
48
12

56.23%
22.42%
17.08%
4.27%

231

82.21%

Race and Hispanic/Latino/a ethnicity were not distinguished in the original coding. All categories used are
based on those in the original dataset.
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No
Job Assignment, %
Administrative
Patrol
Special Operations/Tactical Unit
Tenure at DPD in Years, %
≤10 (median tenure)
>10
Prior Military Service, %
Yes
No
Prior Deployment(s), %
Yes
No
Total Allegations Filed with Internal Affairs (IA)
0 allegations
1-4 allegations (at or below median)
5 or more allegations (above median)
Sustained Allegations with IA, %
0 allegations (median)
1 or more allegations sustained (above
median)
Civilian (“Subject”) Characteristics
Sex, %
Male
Female
Race or Ethnicity, %
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Situational Characteristics
Off Duty, %
Yes
No
Time of Day, %
12-5:59am (Midnight/Early AM)
6-11:59am (Morning)
12-5:59pm (Afternoon)
6-11:59pm (Evening)
Weapon Present, %
No weapon/unarmed
Firearm
Other weapon
Injury Outcomes
Any Civilian Injury or Fatality (%)
Any Civilian Fatality (%)
Any Officer Injury or Fatality (%)
Any Officer Fatality (%)
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50

17.79%

14
236
45

4.98%
83.99%
11.03%

138
141

49.46%
50.54%

82
199

29.18%
70.82%

40
240

14.29%
85.71%

61
93
127

21.71%
33.10%
45.20%

166
115

59.07%
40.93%

272
5

98.19%
1.81%

59
78
136
4

21.30%
28.16%
49.10%
1.44%

30
251

10.68%
89.32%

60
38
71
110

21.51%
13.62%
25.45%
39.43%

43
171
66

15.36%
61.07%
23.57%

197
114
51
11

70.11%
40.57%
18.15%
3.91%

Across the 177 unique incidents (results not shown), a large majority of civilians were
male (97.11%), while only 5 (2.89%) were female. In contrast to officers, less than 20% of
civilians involved in OIS shootings were observed to be white (19.08%), while nearly half
were black, just under a third as Hispanic or Latino/a, and 1.44% as another race or ethnicity
(including 1 reported as “Asian” and 3 as “other”).ii
A majority of shootings occurred while officers were on duty, while 28 unique
incidents occurred off-duty during the 10-year time period. In just under one-quarter of these
incidents the civilian had no weapon or was unarmed, while just over a quarter of incidents
involved a (non-law enforcement) firearm. The remaining half of incidents was coded as
having “other weapons”, a broad category which included objects commonly used as a
weapon (e.g. knife, OC spray, TASER) as well as other objects such as a vehicle,
screwdriver, toy gun or BB gun. Lastly, more than half of the OIS incidents occurred at night
(6pm-6am), with the greatest proportion of incidents occurring from 6-11:59pm and the
lowest proportion occurring from 6-11:59am.
Bivariate (Unadjusted) Logistic Regression Results
Civilian Injury or Fatality
Table 2 presents the results of separate unadjusted logistic regression models for the
relationship between each situation factor with civilian injury. In these unadjusted models,
the factors significantly associated with civilian injury were officer race/ethnicity, job
assignment, civilian sex, civilian race/ethnicity, off duty status, and time of day.

ii

For civilians, race/ethnicity is based on driver’s license or ID if available, or officer observation if not
available (e.g., person left after the shooting). See discussion section, page 38.
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Compared to white officers, black officers had 63% lower odds (OR=.37, 95% CI .18.73, p=.004) and Hispanic/Latino officers had 56% lower odds (OR=.44, 95% CI .23-.83,
p=.012) of civilian injury. The odds of civilian injury did not vary for officers of another
race/ethnicity compared to white officers. Officers in special operations or tactical roles also
had 14.50 times higher odds of being involved in an incident where civilian injury or fatality
occurred compared to administrative officers (95% CI 2.46-85.56, p=.003). There was no
statistically significant difference in the odds of civilian injury or fatality in patrol officers
versus administrative officers.
Civilian race/ethnicity was also strongly associated with injury or fatality during OIS
incidents. When compared to white civilians, Hispanic/Latino and black civilians were 88%
(OR=.12, 95% CI: .04-.38, p<.001) and 83% (OR=.17, 95% CI: .06-.49, p=.001) less likely
to incur an injury or fatality during OIS incidents, respectively. There was no statistically
significant difference noted in injury or fatality during OIS incidents in white civilians versus
civilians classified in the other race/ethnicity category. Male sex was also associated with
higher unadjusted odds of injury (OR=10.49, 95% CI 1.15-95.36, p=.037) compared to
women.
With respect to situational characteristics, off-duty status was associated with lower
odds of civilian injury compared to on-duty incidents (OR=.36, 95% CI .17-.77, p=.009).
Notably, while more than half of OIS incidents occurred at night, unadjusted analyses found
that unadjusted odds of injury were higher during the daytime, with the odds of civilian
injury 9.84 times higher during incidents that occurred from 6am-11:59am (95% CI 3.0831.42, p<.001) and 9.39 times higher for incidents that occurred from 12-5:59pm (95% CI
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3.81-23.13, p<.001) compared to those between 12-5:59am. Notably, the presence of a
firearm or other weapon was not significantly associated with civilian injury.
In addition to these variables, total and sustained allegations, and presence of a weapon
met criteria for initial inclusion in multivariable models (i.e., p<.25), while officer sex, age,
college education, tenure, military service, and deployment did not.
Table 2: Bivariate Association Between Each Incident Characteristic and Civilian
Injury or Fatality, Unadjusted Odds Ratios (OR) with 95% Confidence Interval (CI)
Civilian Injury or Fatality, Unadjusted Odds Ratios (n=281)
Sample Characteristics
Officer Characteristics
Sex
Female
Male
Age in Years
≤38 (median age)
>38
Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Any College Education
No
Yes
Job Assignment
Administrative
Patrol
Special Operations/Tactical Unit

Unadjusted OR (95% CI)

P-value

(ref)
.92 (.24-3.56)

.904

(ref)
.83 (.49-1.40)

.488

(ref)
.44 (.23-.83)
.37 (.18-.73)
.81 (.21-3.17)

.012
.004
.764

(ref)
1.20 (.62-2.32)

.591

(ref)
2.27 (.77-6.71)
14.50 (2.46-85.56)

.139
.003

(ref)
.86 (.51-1.46)

.581

(ref)
1.13 (.63-2.01)

.685

(ref)
1.27 (.59-2.73)

.549

(ref)
.61 (.29-1.31)
.65 (.32-1.35)

.206
.251

Tenure at DPD in Years, %
≤10 (median tenure)
>10
Prior Military Service
No
Yes
Prior Deployment(s)
No
Yes
Total Allegations Filed with Internal Affairs
0
1-4 (at or below median)
5 or more (above median)
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Sustained Allegations with Internal Affairs
0 (median)
1 or more (above median)
Civilian (“Subject”) Characteristics
Sex
Female
Male

(ref)
.60 (.36-1.02)

.058

(ref)
10.49 (1.15-95.36)

.037

Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Situational Characteristics
Off Duty
No
Yes
Time of Day
12-5:59am
6-11:59am
12-5:59pm
6-11:59pm
Weapon Present
No weapon/unarmed
Firearm
Other weapon

(ref)
.12 (.04-.38)
.17 (.06-.49)
[empty]iii

.000
.001

(ref)
.36 (.17-.77)

.009

(ref)
9.84 (3.08-31.42)
9.39 (3.81-23.13)
2.55 (1.32-4.93)

.000
.000
.005

(ref)
1.95 (.94-4.04)
.73 (.33-1.61)

.072
.432

Officer Injury or Fatality
Results of unadjusted regression models for each situational characteristic and officer
injury or fatality are presented in Table 3. In these unadjusted models, the factors
significantly associated with officer injury were age and tenure (which, as previously
described, are highly correlated), job assignment, officer race/ethnicity, and the presence of a
non-law enforcement firearm.
Above-median age and above-median tenure had a similar magnitude of association,
though age provided a slightly more precise association as measured by the 95% confidence
interval: officers aged 38 years or more had 2.45 times higher odds of officer injury

iii

Group too small/no difference in outcomes
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occurring during an OIS incident compared to younger officers (95% CI 1.30-4.61, p=.005).
When compared to officers with tenure less than 10 years, those with tenure over 10 years
had 2.52 times higher odds of injury occurring (95% CI: 1.32-4.80, p=.005). It should be
noted that while age was dichotomized for analysis due to the small sample size, post hoc
analyses investigating the bivariate association between officer injury and 10-year age
categories suggest a dose-response relation of the odds of injury with increasing age
categories, though only the association for officers over 50 was statistically significant [i.e.,
compared to officers aged 20-29 years, officers ages 30-39 years had 3.49 times higher odds
(95% CI .44-27.47, p=.236), officers aged 40-49 years had 6.97 times higher odds (95% CI
.88-55.11, p=.066), and officers aged 50 years and older had 13.85 times higher odds (95%
CI 1.70-112.95, p=.014) of injury during OIS incidents].
With respect to job assignment, officers in an administrative role appeared to have the
highest odds of injury when involved in an OIS incident, while being a patrol officer had a
protective association. Compared to administrative officers, patrol officers had 92% lower
odds of injury occurrence during an OIS incidence (OR=.08, 95% CI: .02-.25, p<.001), while
there was no statistically significant difference in the odds of officer injury during OIS events
involving tactical officers versus administrative officers.
Officer race was significantly associated with injury only when comparing black and
white officers, as incidents when the officer was black had 2.42 times higher odds of officer
injury compared to white officers (95% CI 1.13-5.19, p=.023); all other comparisons were
statistically null. Similarly, while the presence of a non-law enforcement firearm
significantly increased the odds of officer injury compared to no weapon/unarmed
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(unadjusted OR=6.89, 95% CI 1.60-29.68, p=.01), the presence of other weapons was not
significantly associated.
Prior deployments, total allegations with internal affairs, and time of day, though not
significant at a significance level of 0.05, met the minimum criteria for inclusion in initial
multivariable models (p<.25). Officer sex, college education, military service, and sustained
allegations were all highly nonsignificant with p-values of .25 or higher.
Table 3: Bivariate Association Between Each Incident Characteristic and Officer Injury
or Fatality, Unadjusted Odds Ratios (OR) with 95% Confidence Interval (CI)
Officer Injury or Fatality, Unadjusted Odds Ratios (n=281)
Sample Characteristics

Unadjusted OR (95% CI)

P-value

(ref)
2.27 (.28-18.16)

.439

(ref)
2.45 (1.30-4.61)

.005

Officer Characteristics
Sex
Female
Male
Age in Years
≤38 (median age)
>38
Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Any College Education
Yes
No
Job Assignment
Administrative
Patrol
Special Operations/Tactical
Tenure at DPD in Years, %
≤10 (median tenure)
>10
Prior Military Service
No
Yes
Prior Deployment(s)
No
Yes
Total Allegations Filed with Internal Affairs
0
1-4 (at or below median)
5 or more (above median)

(ref)
1.68 (.80-3.52)
2.42 (1.13-5.19)
[empty]
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.171
.023

(ref)
1.45 (.61-3.43)

.403

(ref)
.08 (.02-.25)
.40 (.11-1.49)

.000
.170

(ref)
2.52 (1.32-4.80)

.005

(ref)
1.41 (.74-2.69)

.290

(ref)
.46 (.15-1.34)

.155

(ref)
2.39 (.95-6.01)
1.62 (.65-4.02)

.064
.302

Sustained Allegations with Internal Affairs
0 (median)
1 or more (above median)
Civilian (“Subject”) Characteristics
Sex
Female
Male
Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Situational Characteristics
Off Duty
No
Yes
Time of Day
12-5:59am
6-11:59am
12-5:59pm
6-11:59pm
Weapon Present
No weapon/unarmed
Firearm
Other weapon

(ref)
1.01 (.55-1.88)

(ref)
[empty]

.968

-

(ref)
1.22 (.49-3.04)
1.44 (.63-3.28)
[empty]

.676
.385
-

(ref)
1.43 (.58-3.54)

.438

(ref)
2.02 (.74-5.57)
1.78 (.73-4.36)
.89 (.37-2.19)

.172
.204
.807

(ref)
6.89 (1.60-29.68)
2.05 (.39-10.66)

.010
.393

Generalized Estimating Equation (GEE) Multivariable Results
Based on the model inclusion criteria (see Data Analysis, page 17), the initial multivariable
GEE model for civilian injury or fatality included officer race/ethnicity, job assignment,
sustained allegations (total allegations met inclusion criteria but was excluded due to
correlation with sustained), civilian race/ethnicity, off duty status, time of day, and weapon.
The initial model for officer injury or fatality included officer race/ethnicity, officer age
(tenure excluded due to high correlation with age), job assignment, deployment, total
allegations, time of day, and weapon. Results of these initial full GEE models are presented
in Appendix A. After fitting the initial GEE models, backwards selection was used to remove
variables one by one that no longer met the threshold for model retention.

29

The final reduced model for civilian injury or fatality is shown in Table 4 and includes
officer race/ethnicity, job assignment, civilian race/ethnicity, time of day, and whether a
weapon was present. The final model for officer or fatality, shown in Table 5, includes
officer race/ethnicity, job assignment, and whether a weapon was present.
Civilian Injury or Fatality GEE Results
In the final GEE model controlling for clustering at the incident level and other
covariates included in the model (Table 4), only civilian race/ethnicity and time of day
retained a statistically significant association with civilian injury or fatality during OIS
incidents. Compared to white civilians, Hispanic or Latina/o civilians had 79% times lower
adjusted odds of injury (AOR=.21, 95% CI .06-.72, p=.013) and black civilians had 78%
lower adjusted odds of injury (AOR=.22, 95% CI .07-.72, p=.012).iv Time of day was also
statistically significant, with the highest odds of civilian injury in the afternoon (12-5:59pm:
AOR=5.46, 95% CI 1.90-15.73), and the lowest odds from midnight to 6am. Officer
race/ethnicity, job assignment, and presence of a weapon did not retain a significant
association with civilian injury in the final model.
Table 4: Reduced Generalized Estimating Equation (GEE) Model Predicting Civilian
Injury and/or Fatality for Officer-Level Data, Adjusted Odds Ratios with 95%
Confidence Interval (CI)
Civilian Injury or Fatality, GEE Adjusted Odds Ratios
Sample Characteristics (n=267)

Adjusted OR (95% CI)

P-value

Officer Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity

(ref)
.60 (.31-1.17)
.54 (.26-1.13)
.61 (.13-2.77)

.135
.103
.523

iv

The Other race/ethnicity category was dropped from the model due to small sample size and because there
was no difference in outcomes within this group—no injuries occurred during incidents involving civilians
reported as “Other race/ethnicity.”
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Job Assignment
Administrative
Patrol
Special Operations/Tactical
Civilian Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Time of Day
12-5:59am
6-11:59am
12-5:59pm
6-11:59pm
Weapon Present
No weapon/unarmed
Firearm
Other weapon

(ref)
1.93 (.42-8.99)
7.58 (.72-80.01)

.400
.092

(ref)
.21 (.06-.72)
.22 (.07-.72)
[empty]

.013
.012

(ref)
4.78 (1.36-16.75)
5.46 (1.90-15.73)
2.69 (1.17-6.18)
(ref)
1.00 (.41-2.43)
.45 (.17-1.20)

.015
.002
.020

.995
.112
31.30 (.0018)

Overall Wald Chi-Square (P-value)
*Initial model fit with all variables that reached the a priori threshold of p<.25, and retained in the
model if they remained significant at p<.25 in the adjusted model. Total officer-level dataset includes
281 shooting officers; 14 cases were dropped from analysis due to missing data and/or few cases with
no difference in outcomes (civilian other race or ethnicity—4 cases; all of these were non-injury
cases.)

Officer Injury or Fatality GEE Results
In the final GEE model, only officer job assignment remained significantly associated
with officer injury, with patrol officers having 81% lower odds of injury when involved in an
OIS incident compared to administrative officers (AOR=.19, 95% CI .04-.89, p=.036).
Presence of a firearm approached, but did not reach, statistical significance (AOR=3.71, 95%
CI .83-16.56, p=.086). All other associations appeared nonsignificant in the final model.
Table 5: Reduced Generalized Estimating Equation (GEE) Model Predicting Officer
Injury and/or Fatality for Officer-Level Data, Adjusted Odds Ratios with 95%
Confidence Interval (CI)
Officer Injury or Fatality, GEE Adjusted Odds Ratios
Sample Characteristics (n=265)

Adjusted OR (95% CI)

P-value

Officer Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity

(ref)
1.13 (.61-2.09)
1.63 (.82-3.20)
[empty]

.704
.160
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Job Assignment
Administrative
Patrol
Special Operations/Tactical
Weapon Present
No weapon/unarmed
Firearm
Other weapon

(ref)
.19 (.04-.89)
.49 (.08-3.15)

.036
.456

(ref)
3.71 (.83-16.56)
1.70 (.32-9.03)

.086
.532

Overall Wald Chi-Square (P-value)
14.19 (.0276)
*Initial model fit with all variables that reached the a priori threshold of p<.25, and retained in the
model if they remained significant at p<.25 in the adjusted model. Total officer-level dataset includes
281 shooting officers; 14 cases were dropped from analysis due to missing data and/or few cases with
no difference in outcomes (civilian other race or ethnicity—4 cases; all of these were non-injury
cases.)

Post-Hoc Power Analysis Results
Post-hoc power analyses were conducted for unadjusted logistic regression results,
using an alpha of .05, sample size of 281, and (a) the smallest observed effect sizes that
reached statistical significance and (b) the smallest observed effect size overall for each
outcome. For civilian injury, the smallest effect size that reached statistical significance was
the association between officer race—Hispanic/Latino compared to white (OR=.44), and the
smallest overall was for officer sex (OR=.92); for officer injury, the smallest effect size that
reached statistical significance was for officer race—black compared to white (OR=2.42),
and the smallest overall was for sustained allegations above the median (OR=1.01).
Results of the power analysis conducted in G*Power 3 (2007)57 are shown in Table 6.
For officer race/ethnicity, which had the smallest effect size to reach statistical significance
for both civilian and officer injury, statistical power for both outcomes was computed as
greater than 99% given the underlying probability of injury for the referent group (white
officers) in each case. For officer sex and civilian injury, the statistical power to detect the
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observed odds ratio of .92 was 15%. For sustained allegation and officer injury, the power to
detect the observed odds ratio of 1.01 was 6%.
Table 6: Power to Detect Observed Effect Sizes in Unadjusted Logistic Regression
Models, Assuming No Clustering, α=.05, n=281
Sample Characteristic

Observed Unadjusted OR

Computed Power

.44
.92
2.42

>.99
.15
>.99

1.01

.06

Officer Race/Ethnicity (Hispanic/Latino vs.
White) and Civilian Injury
Officer Sex and Civilian Injury
Officer Race/Ethnicity (Black vs White) and
Officer Injury
Sustained Allegations Above the Median and
Officer Injury

DISCUSSION
Findings from this exploratory study suggest that injuries to civilians, and to a lesser
extent officers, were highly prevalent during officer-involved shooting incidents reported by
Dallas Police Department from 2005-2015. With respect to risk factors for injury, study
results suggest five key findings. First, black and Hispanic civilians comprised the highest
number of civilian injury or fatalities, but odds of injury were highest for incidents involving
white civilians when adjusting for clustering and covariates included in the model. Second,
time of day remained significantly associated with civilian but not officer injury, with odds
of civilian injury highest during the daytime. Third, job assignment was the only risk factor
that retained a statistically significant association with officer injury in adjusted models, with
administrative officers at substantially higher odds of officer injury compared to patrol
officers when involved in an OIS incident. Fourth, although age (dichotomized at the
median) was dropped from the model because of non-significance, bivariate analyses of 10year age categories suggested a possible dose-response association between increasing age
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category and odds of injury. Fifth, several notable variables, including presence of a weapon,
were not significantly associated with either civilian or officer injury during officer-involved
shootings. These findings are discussed in greater detail below.
The first key finding was that civilian race/ethnicity was significantly associated
with civilian injury outcomes. Descriptive results indicated that in more than three-quarters
of unique OIS incidents, the primary person being confronted by Dallas police officers was
either black (49%) or Hispanic/Latinx (30%), while whites comprised less than 20% of those
involved. Similar to patterns observed across the US,33 this demographic distribution differed
substantially from the larger Dallas population, which according to census estimates is 61%
white alone, 41.5% Hispanic/Latinx, and 24.6% black alone,58 suggesting that black residents
of Dallas in particular are disproportionally involved in OIS incidents. However, when it
comes to injury during the course of OIS incidents, these results indicated that the minority
of incidents involving white civilians also had the highest odds of civilian injury or fatality,
even when controlling for other factors. Post-analysis examination of civilian injury or
fatality by race showed that of the 32 unique events involving white civilians between 20052015 with valid outcome data,v 29 (90.6%) resulted in civilian injury, compared to 25
(51.0%) of the 52 incidents involving a Hispanic/Latino/a civilian, 52 (61.2%) of the 85
events involving black civilians, and none of the 3 events involving civilians with another
identified race/ethnicity. With respect to fatality, 20 (62.5%) incidents involving white

v

There was 1 missing civilian injury outcome involving a white civilian, and 3 missing outcomes involving a
Hispanic/Latino/a outcome. No outcome data was missing for black civilians or other race/ethnicity.
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civilians, 13 (26.5%) involving Hispanic/Latino/a civilians, and 27 (31.8%) involving black
civilians resulted in fatality.
Limited information is available in the broader literature that might explain this
finding, since previous research has tended to focus on fatal shootings and/or only injurious
shootings without including non-injury shootings, and one of the few such studies to include
firearm discharges more broadly did not include civilian race as a possible predictor.25 It is
possible that situational or intangible factors may explain the difference in injury odds for
different racial/ethnic groups, but aside from controlling for the race and job assignment of
the responding officer and presence of a weapon, few such factors were available in the
current data. It is also possible that because black and Hispanic/Latino/a people are involved
in a higher proportion of OIS incidents—and even stopped for lower level offenses such as
traffic violations at a higher rate59— the times when white people are involved in shootings
may represent more extreme circumstances. However, without additional data this is purely
speculative. One difference which can largely be ruled out is intent, since all but three cases
in this study were reported as intentional shootings. In general, additional research is needed
to make sense of this finding, and the associations observed in this study should serve
primarily to generate directions for thus future research.
The second key finding was that civilian injury was significantly associated with time
of day, with the greatest odds of injury during the daytime. Previous research on the
relationship between civilian injury or fatality and time of day has primarily been conducted
in the context of “accuracy” or “hit rates,”25,60-62 which as mentioned in the introduction to
this paper is synonymous with at least minor injury when it comes to discharging a firearm.
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Results of this study showed that a majority of incidents occurred at night (between 6pm and
6am), but that the odds of injury were highest during OIS incidents that occurred during the
daytime. This finding is consistent with previous studies, several of which have identified
differences in lighting as a primary underlying mechanism affecting the frequency with
which law enforcement hit the people they are shooting at.61,62
The third key finding was that officer injury was significantly associated with job
assignment in adjusted models, with patrol officers having lower odds of injury compared to
administrative officers when involved in OIS incidents. Notably, the number of administer
officers was small (n=14), and so this finding should be interpreted with caution. However,
there is theoretical plausibility to this association given that administrative officers may be
less routinely involved in direct encounters with civilians,63 and therefore possibly more
vulnerable to injury when they do so. The fact that tactical officers had no significant
difference in odds of injury compared to administrative officers may obscure what is actually
an increased risk of injury compared to regular patrol officers, due to the nature of situations
that tactical officers routinely engage in and/or other differences in roles.64,65 This theory was
supported by post hoc analyses comparing patrol and tactical officers,vi which found that
tactical officers had more than five times higher unadjusted odds of injury when compared to
patrol officers alone (p<.001).
The fourth key finding was that officer age, though not significantly associated with
officer injury when dichotomized, demonstrated trends suggestive of a possible increasing
dose-response association when analyzed in 10-year increments. Although age cut at the

vi

Excluding administrative officers
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median was dropped from multivariable models and thus nonsignificant when adjusting for
other covariates, this non-association may in part be an artefact of the decision to treat age as
a dichotomous variable due to the small number of officer injury cases. This assertion is
justified by post-hoc bivariate analyses examining officer age in 10-year categories compared
to the youngest age category (20-29 years), which indicate that the odds of officer injury
increased with each successive 10-year increase in age, though these results reached
significance only for officers over age 50 years. This finding has biologic plausibility given
prior research that workers over 55 years of age generally may be at increased risk for some
type of occupational injuries,66 and suggests that future studies should carefully consider how
they operationalize age in data analysis.
Finally, several characteristics, including presence of a weapon, were not significantly
associated with either civilian or officer injury. OIS incidents are high-tension situations, and
justification for the use of deadly force often revolves around real or perceived imminent
threat.15-17 However, findings from this study indicated that the presence of a weapon was not
significantly associated with either civilian or officer injury in adjusted models, although the
presence of a non-law enforcement firearm more closely approached significance in both
cases. In contrast, the presence of another weapon type was highly nonsignificant compared
no weapon. The data do not address officer’s perceptions of whether or not a weapon was
present, which may affect their response as much as the actual presence of a weapon.25,67-69
Nevertheless, the finding that the presence of weapons had no association with injury
undermines the idea of imminent threat and reinforces the importance of using alternative
methods to deescalate or control a situation wherever possible. With respect to civilian injury
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specifically, it is also worth noting that officer characteristics broadly were not significantly
associated with civilian injury, including factors associated with the probability of OIS
involvement in previous research, such as lower officer age and experience.28-30 Although
officer race/ethnicity did not retain significance in the final adjusted models for either
civilian or officer injury outcomes, the p-values in both cases approached statistical
significance and suggest that a possible effect may be detectable with increased sample size.
In the case of this study sample, results suggested that odds of civilian injury were lower in
cases where black and Hispanic officers were shooting, while odds of officer injury tended
higher when the shooting officer was black, though again both results were nonsignificant in
adjusted models.
Results of this study should be interpreted cautiously, and treated primarily as a singlesite study of shootings in Dallas from 2005-2015 with limited external study validity. Several
specific limitations must also be taken into consideration when examining the results. First,
the relatively small sample size—while undoubtedly a good thing in real-world terms, since
it means fewer shooting incidents—limits the ability to reliably examine a large number of
possible risk factors for injury and contributes to imprecise estimates for many of the
computed odds ratios, as illustrated by wide confidence intervals. Additionally, combining
shootings across a 10-year time period in cross-sectional analysis may obscure secular trends
in the frequency or characteristics of OIS incidents during this time period.
Other possible threats to internal and external study validity relate to the way that data
were collected. First, while by default civilian race/ethnicity was recorded by officers based
on the person’s driver’s license, in cases where police had no contact with the person after
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the incident, race/ethnicity was recorded based on officer observation, creating the possibility
of misclassification (though it is worth noting that some evidence suggests that observed
race/ ethnicity may be more strongly related to disparities in treatment in some
circumstances70). Second, the lack of data on the nature and/or severity of injury may obscure
important differences in outcomes. Lastly and more generally, data were collected by DPD
officers, and may be vulnerable to some extent to the same issues of underreporting observed
across the country.3-7
Despite these limitations, this study makes a unique contribution to the literature in
differentiating between injurious and non-injurious shootings, and in seeking to understand
the factors associated with actual injury during officer-involved shootings. While the degree
to which these risk factors are modifiable and may inform practice varies, some findings do
have potential implications for training. For example, the lack of association between nonfirearm weapon presence and either civilian or officer injury may be used to help train on
alternative response options and reinforce the inutility of shooting for preventing harm during
such encounters. However, in general one of the primary strengths of this study is to generate
hypotheses for future research regarding injury occurrence during officer-involved shootings.
CONCLUSION
Data on shootings by Dallas police officers between 2005-2015 revealed that injury to
civilians occurs in a majority of OIS incidents, and injury to officers in approximately 14%
of incidents. Among the potential risk factors for injury included in analysis, civilian
race/ethnicity appeared to play an important role in civilian injury: black and
Hispanic/Latino/a civilians comprised the highest number of injuries or fatalities, while
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whites had the highest odds of injury when involved in an OIS incident. Time of day also
appeared to be an important factor, with higher odds of injury during the daytime. With
respect to officer injury, job assignment appeared to have the strongest association of the risk
factors studied, with administrative and tactical officers both having higher odds of injury
than patrol. Other situational and officer characteristics, including the presence of a weapon,
did not retain a statistically significant association with either officer or civilian injury. These
findings should be interpreted cautiously, but suggest novel directions for future research
regarding officer-involved shootings, injury, and fatality. In particular, future studies should
seek to identify risk factors for injury in other jurisdictions and/or using data pooled across
multiple jurisdictions; collect or abstract more detailed and robust information on the nature
and severity of injury, and seek to better understand the possible mechanisms underlying
associations observed in this study.
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Appendix A. Full GEE Models for Civilian and Officer Injury
The following models contain all variables significant at p<.25 in unadjusted bivariate
analyses. Results of these adjusted GEE models were used to develop the final reduced
models presented in the Results section.
Appendix Table 1: Full Generalized Estimating Equation (GEE) Model Predicting
Civilian Injury or Fatality, Adjusted Odds Ratios with 95% Confidence Interval (CI)
Civilian Injury or Fatality, GEE Adjusted Odds Ratios
Sample Characteristics (n=267)
Officer Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Job Assignment
Administrative
Patrol
Special Operations/Tactical
Officer Sustained Allegations with IA
0 (median)
1 or more (above median)
Civilian Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Off Duty
No
Yes
Time of Day
12-5:59am
6-11:59am
12-5:59pm
6-11:59pm
Weapon Present
No weapon/unarmed
Firearm
Other weapon

Adjusted OR (95% CI)

P-value

(ref)
.61 (.31-1.22)
.58 (.27-1.26)
.63 (.14-2.85)

.164
.169
.544

(ref)
1.87 (.40-8.78)
6.96 (.64-75.80)

.429
.111

(ref)
.74 (.43-1.27)

.268

(ref)
.22 (.06-.75)
.22 (.07-.71)
[empty]

.016
.012

(ref)
.72 (.26-2.01)

.535

(ref)
4.75 (1.34-16.83)
5.62 (1.92-16.42)
2.50 (1.07-5.84)

.016
.002
.036

(ref)
1.00 (.41-2.44)
.45 (.17-1.21)

.993
.113
32.17 (.0038)

Overall Wald Chi-Square (P-value)
*Initial model fit with all variables that reached the a priori threshold of p<.25, and retained in the
model if they remained significant at p<.25 in the adjusted model. Total officer-level dataset includes
281 shooting officers; 14 cases were dropped from analysis due to missing data and/or few cases with
no difference in outcomes (civilian other race or ethnicity—4 cases; all of these were non-injury
cases.)
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Appendix Table 2: Full Generalized Estimating Equation (GEE) Model Predicting
Officer Injury or Fatality, Adjusted Odds Ratios with 95% Confidence Interval (CI)
Officer Injury or Fatality, GEE Adjusted Odds Ratios
Sample Characteristics (n=265)
Officer Race or Ethnicity
White
Hispanic/Latina or Latino
Black
Other race or ethnicity
Age in Years
≤38 (median age)
>38
Job Assignment
Administrative
Patrol
Special Operations/Tactical
Prior Military Deployment(s)
No
Yes
Total Allegations Filed with IA
0
1-4 (at or below median)
5 or more (above median)
Time of Day
12-5:59am
6-11:59am
12-5:59pm
6-11:59pm
Weapon Present
No weapon/unarmed
Firearm
Other weapon

Adjusted OR (95% CI)

P-value

(ref)
1.01 (.54-1.88)
1.55 (.79-3.06)
[empty]

.983
.202

(ref)
1.41 (.78-2.56)

.259

(ref)
.19 (.04-.99)
.51 (.07-3.50)

.048
.495

.78 (.34-1.76)

.549

(ref)
1.32 (.63-2.77)
.76 (.36-1.62)

.458
.482

(ref)
3.79 (.82-17.53)
1.74 (.32-9.52)

.088
.521

Overall Wald Chi-Square (P-value)
19.73 (.1023)
*Initial model fit with all variables that reached the a priori threshold of p<.25, and retained in the
model if they remained significant at p<.25 in the adjusted model. Total officer-level dataset includes
281 shooting officers; 14 cases were dropped from analysis due to missing data and/or few cases with
no difference in outcomes (civilian other race or ethnicity—4 cases; all of these were non-injury
cases.)
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